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PERISTALTIC PUMP HAVING
ELECTRICALLY GROUNDED

COMPONENTS

This is a national stage of PCT/EP10/066777 filed Nov. 4,
2010 and published in German, which claims the priority of
German number 10 2009 046 406.9 filed Nov. 4, 2009, hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a peristaltic pump for use in medi-
cal technology comprising a stator and a rotor, whereby the
stator has an occlusion bed which forms the contact area with
a tube accommodated within, and the rotor is provided with
rolling elements suitable for occluding a tube accommodated
between the occlusion bed and the rolling elements.

2. Description of the Related Art

Peristaltic pumps are used in the medical field to convey
extracorporeal fluids, or to deliver them in accurate quanti-
ties. One use of peristaltic pumps is in dialysis devices,
whereby dialysate in the dialysate cycle, dialysis fluid and/or
blood needs to be pumped. In a peristaltic pump, a flexible
tube is laid along a cylindrical inner diameter, and locally
closed or occluded by pressure rollers exerting force radially
in an outward direction. The position of the occlusion is
changed by the movement of the rollers as they are driven
along the tube, thus realizing the pumping of the fluid. An
advantage of peristaltic pumps is that they can deliver precise
quantities relatively well. Because only the tube comes into
contact with the fluid that is conveyed, a peristaltic pump can
be cleaned quickly and cost-effectively by replacement of the
tube.

Due to the contact between the rollers and the tube, com-
bined with flexing and friction, the tube can be subject to
triboelectric charging. Plastic surfaces are most prone to this
type of charging. Thus the contact and friction of the surfaces
of the stator and the rotor—i.e. the rollers driven by the
rotor—with the tube generate and exchange charges, and
when the rollers are removed from the tube these charges
cannot be equalized with sufficient rapidity, and remain as
electrostatic charges on the corresponding surfaces. The
charges arise due to the fact that the tube is initially pressed by
the pressing force of the rollers against both the occlusion
bed, as the corresponding contact surface of the stator, and the
rollers. As the rollers move on, each roller lifts off of its
section of the tube, with the result that the electrostatic
charges described above can be formed on the tube, the occlu-
sion bed and the rollers. Additionally, in the area in which the
tube exits the pump, the rollers lift completely off of the tube.
‘When the rotor then turns further, and each roller again comes
into contact with the tube in the area in which the tube enters
the pump, electrostatic charges which have collected on the
roller can be transferred to the tube and thereby cause a
corresponding interfering impulse. These charges lead to an
electrostatic charging of the tube, and in particular its outer
surface. The charge separation is effected according to the
triboelectric effect due to the fact that different materials have
differing electron affinity, and when such materials are sepa-
rated the electrons cannot move with sufficient freedom to
equalize the charges.

Alongside the generation of charges from the contact
between the roller and the tube, electrostatic charges can also
be formed between the tube and the occlusion bed. This is
because, as the rotor moves on and each roller lifts off of the
corresponding section ofthe tube, the elastic resilience within
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the tube causes its restitution to its basic cylindrical shape,
with the result that the tube is no longer in contact with its
occlusion bed over a surface, but only along a line. This is a
partial lifting of the tube off of the tube bed, through which
electrostatic charges can arise.

In the medical field, diagnosis devices with high-imped-
ance measurement inputs, such as ECG devices, are used, and
the measurement results of these devices can be disrupted or
distorted by the electrostatic charges on the tube. This prob-
lem is known, and the responsible German federal agency
BFARM [Federal Institute for Drugs and Medical Devices]
recommends that it be alleviated by potential equalization
between the devices, i.e. the pump and the diagnosis device,
without, however, eliminating the problem. These electro-
static charges appear, as described above, in the form of an
electrical interfering impulse, particularly when the rolls are
pressed down onto the tube. Dry ambient air can exacerbate
this problem. Anti-static sprays are known as an inadequate
approach to the elimination of this type of charge. Tubes
composed of special materials, e.g. materials containing
metal, are also unsuitable for reducing the charges, for rea-
sons of biocompatibility.

Although some ECG devices can filter out these distur-
bances, and in particular the interfering impulses, by the use
of suitable filters, such filters cannot be used in special appli-
cations, for example the examination of signals from cardiac
pacemakers, because the cardiac pacemaker signals to be
measured strongly resemble the interference signals. It is
possible, as in U.S. Pat. No. 3,580,983, to attach an electrical
grounding cable directly to the tube to prevent charging.
Additionally, tube connectors with galvanic contacts for
grounding are known from WO 2004/108206 Al. Or, as dis-
closed in WO 2009/044220 A1, grounding connectors can be
attached to the applicable tubes. This prior art has the disad-
vantage that it addresses less the creation than the transmis-
sion and detrimental effects of the charges. The approach to
this chosen in U.S. Pat. No. 5,127,907 is that parts that are in
motion relative to each other are composed of similar mate-
rials. Another disadvantage that is apparent in the known
solutions is the additional equipment needed and the addi-
tional costs.

The object of the present invention is to prevent or at least
reduce disruptive influences of electrostatic charges or elec-
trical impulses from a peristaltic pump upon electrical
devices.

SUMMARY OF THE INVENTION

This problem is solved by a peristaltic pump for use in
medical technology comprising a stator and a rotor, whereby
the stator has an occlusion bed which forms the contact area
with a tube accommodated within, and the rotor is provided
with rolling elements suitable for occluding a tube accommo-
dated between the occlusion bed and the rolling elements.
According to the present invention, at least a part of the
occlusion bed has an electrically conductive surface for
reducing and/or preventing electrostatic charging of the tube.

According to the invention, a peristaltic pump for use in
medical technology is thus provided, with a stator and a rotor,
whereby the stator has an occlusion bed which forms the
contact area with a tube accommodated within it, and the
rotor is provided with rolling elements, which are suitable for
occluding a tube accommodated between the occlusion bed
and the rolling elements. The occlusion bed thereby has at
least in part an electrically conductive surface for reducing
and/or preventing electrostatic charging of the tube. The roll-
ing elements can thereby be rollers or spheres and the occlu-
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sion bed can also have a plurality of separate areas of the
conductive surface. In the area over which a rolling element
has rolled, the tube has the tendency, by reason of its internal
resilience, to deform back to its original cylindrical shape,
and during this deformation areas of the tube lift from the
occlusion bed. It has been recognized that electrostatic
charges can be generated on the surface of the tube due to a
lack of charge exchange in this separation area. The charge
exchange is aided by a metallic surface of the occlusion bed,
and the generation of electrostatic charges is prevented or at
least reduced.

Through this embodiment, no additional devices that are
visible to the user are necessary on the peristaltic pump and/or
on the tube system in order to prevent the electrostatic
charges. The operating personnel are not required to perform
any additional setting-up steps, and have an unchanged opti-
cal impression of the peristaltic pump and the medical device
in which the peristaltic pump may be integrated.

A potential equalization, in particular in the form of a
ground connection, can further be provided on the electrically
conductive surface. This potential equalization can take place
in that sensitive electronic devices which are located near the
peristaltic pump and could be disrupted are brought to the
same electrical potential as the peristaltic pump and in par-
ticular its occlusion bed, for example by means of an electri-
cal conductor. A potential equalization can also be created by
a grounding in the electrical supply network which allows
charges to be freely equalized and thus prevents or at least
effectively reduces the charging of the surface of the tube. An
electrical resistance provided preferentially between the
potential equalization and the electrically conductive surface
limits the leakage current and thus prevents a transmission of
interference signals via the ground connection to other
devices connected there.

Further, the rolling elements preferentially also have an
electrically conductive surface, which in the case of cylindri-
cal rollers is the circumferential surface, and there is an elec-
trically conductive contact from these surfaces to the electri-
cally conductive surface of the occlusion bed. In this manner
there is same electrical potential on both sides of the tube
which is located between each rolling element and the occlu-
sion bed, with the result that the generation of electrostatic
charges on the tube is thereby further reduced.

In a further embodiment of the invention, the entire occlu-
sion bed has a continuously electrically conductive surface. In
principle the occlusion bed can have a conductive surface
which is only partial, i.e. in certain sections only, but such a
continuously conductive surface improves the charge equal-
ization. It is particularly advantageous that the initial genera-
tion of electrostatic charges is prevented (or at least reduced)
by this means, which is markedly more effective than subse-
quently dissipating or equalizing charges that may have been
generated. This also ensures that no raised and/or uneven
areas are produced in the occlusion bed, which could impair
the rolling process of the rolling elements and thereby the
pumping effect, and could have detrimental effects on the
durability of the tube.

The peristaltic pump can be designed as a peristaltic roller
pump, i.e. the occlusion bed has a cylindrical surface facing
inwards and the rolling elements are realized as rollers. Peri-
staltic roller pumps can be manufactured cost-effectively, and
have good properties with respect to the delivery of accurate
quantities. As an alternative to this, the peristaltic pump can
also have spherical pressing or rolling elements, as will be
described in more detail in a further embodiment below.

Additionally, the cylindrical surface of the occlusion bed
can have openings in one or two places, to serve as entry or
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exit points for the tube in and out of the peristaltic pump. This
enables the tube to be accommodated without kinks.

In a further embodiment the stator is manufactured as an
injection molded part, and the said electrically conductive
surface is the surface of a molded-in metallic insert, or a
molded-in metallic foil. The insert molding of a metal part
enables a good mechanical bonding of the metal with the
plastic. Because the plastic of the injection molded part is
composed of an electrically non-conductive plastic, the
charges which can develop on the occlusion bed are not
transferred via the plastic to other areas of the pump and/or a
corresponding medical device. The plastic material of the
stators is thereby electrically non-conductive, so that the
charges cannot propagate over the stator.

In a further embodiment the insert can have a basic cylin-
drical shape with a flange which is preferably around its entire
circumference and facing radially inwards. This geometry
corresponds approximately to that of a can with a base which
lends the basic cylindrical shape stiffness preventing defor-
mation. In this it is preferable to provide a concentric opening
in the base, through which the drive shaft of the rotor can be
passed. Alternatively the flange can face outwards, i.e. when
insert is molded in this flange points in the direction of the
plastic and ensures a good metal-plastic bond.

In an alternative embodiment the said electrically conduc-
tive surface of the occlusion bed can also be realized by a
conductive coating of a previously manufactured injection
molded part. The occlusion bed must have a high degree of
curvature, which is also well obtainable with modern injec-
tion molding machines. A coating of an injection molded part
that is manufactured in such a way, for example a galvanic
coating or lamination, retains the precision of the surface and
in particular its curvature. It is also possible to insert an
electrically conductive metal part, such as for example a
stainless steel panel, in a correspondingly molded receptacle
in the peristaltic pump, which is a simpler manufacturing
process, and one which is more cost-effective in comparison
with an injection molding; the pressure exerted by the rolling
elements will give this metal part a good contact with the
injection molded cylindrical surface of the occlusion bed.

Further, a medical device can comprise a suitable peristal-
tic pump, whereby the device has a front panel facing the user
with operating and functional elements, which is formed as an
injection molded part. In this device, the peristaltic pump with
the occlusion bed is integrated as a single piece in the front
panel with operating and functional elements. This creates a
uniform front of the device and hence an attractive overall
design.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is elucidated in detail with the aid of the
drawing. The drawing shows:

FIG. 1 a schematic diagram of a peristaltic roller pump,

FIG. 2 a plan view of a corresponding peristaltic roller
pump,

FIG. 3 a variant of an insert and

FIG. 4 a further variant of the insert.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way ofillustration
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only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

FIG. 1 shows a schematic diagram of a peristaltic roller
pump. In this a tube 30 is disposed in a cylindrical receptacle
of'an insert 10 and is thereby in contact with the inner side of
the insert over approximately 270° of its circumference. This
surface will be designated hereinafter as the occlusion bed 12.
A rotor 20 having two drive arms is disposed coaxially to the
insert 10, with a rolling element 24a, 245 in the form of a
cylindrical roller rotatably mounted on each drive arm. The
rotor is driven in the direction of drive 22 via a motor (not
shown). The upper rolling element 245 thereby presses radi-
ally outwards against the tube 30 in such a manner that the
tube is locally occluded. When the drive now moves the rotor
onwards, this occluded point moves in a clockwise direction.
The lower rolling element 244 thereby comes into contact
with the tube, and occludes the tube in an equivalent manner,
thus conveying the volume of fluid between the two closed
points in the longitudinal direction of the tube. The tube is
thereby in a fixed position relative to the insert 10 and its
occlusion bed 12, and a rolling motion takes place between
the rolling elements 24qa, 245 and the tube. The outer rolling
radius 26 of the rolling elements is thereby so dimensioned as
to be essentially smaller than the inner radius of the insert 10
by twice the thickness of the wall of the tube 30, in order thus
to close the tube adequately without squeezing it too much.

In order to realize a desired radial pressing force exerted by
the rolling elements 24a, 245 against the tube 30, each rolling
element can, as shown in FIG. 2, be provided with a compres-
sion spring 28 which is attached to the rotor 20, and by means
of'aroller arm 29 presses the rollers 24a, 245 outwards. Each
of'the two roller arms 29 is mounted in a swiveling manner on
the rotor 20, has a surface on which the compression spring 28
can press, and has a mounting for one of the rollers 24a, 245.
A greater number of rolling elements can also be used.

The insert 10 is thereby implemented as a type of can,
composed of a metallic material such as for example stainless
steel plate. This means that it has a basic cylindrical shape and
is bounded at one axial end by a flange 14 which extends
radially inwards and leaves a coaxial opening 16 free for the
drive shaft of the rotor 20. The cylindrical front face of the
flange 14 is shown in FIG. 1 and FIG. 3, with the inner
diameter of the flange end 15. According to FIG. 1, the tube is
guided into the inner part of the insert 10 through an opening
18 which is provided in the basic cylindrical shape of the
insert 10 at a distance from the flange. Because the opening
runs for a full 90°. of the circumference, rolling takes place
over barely 270°. of the occlusion bed. In order for the peri-
staltic pump to convey fluid, at least one roller element must
occlude the tube at all times, and thus if two roller elements
are used it would be sufficient if rolling took place over 180°.

As an alternative to the embodiment in FIG. 3, the flange 14
can also point radially outwards, or an outward facing flange
can be provided on the other end of the insert in addition to the
flange 14 shown in FIG. 3.

In the preliminary remarks the technical effect was
described by which, in conventional peristaltic pumps, tri-
boelectric charges and interfering impulses are generated
when the rollers travel along the tube, the tube lifts from its
occlusion bed, and above all when each roller is pressed down
onto the tube in the area in which the tube enters the pump.
Such charges and interfering impulses are generated particu-
larly when plastic surfaces come into contact with each other.

In the present invention the insert 10 is composed of a
metallic material, and thus the occlusion bed, i.e. the cylin-
drical inner surface of the insert, has an electrically conduc-
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tive surface. By this means the effect of the charge separation
and the corresponding charging is prevented or greatly
reduced, since the formation of a local charge preponderance
or charge deficit is prevented by the free charge exchange on
the conductive surface. Additionally, the rolling elements can
also have an electrically conductive surface, and the corre-
sponding electrical charging is thereby also reduced and/or
prevented at the point of contact between tube and rolling
element.

An electrically conductive connection can also be provided
from the rotor 20 with its rollers 24a, 245 to the occlusion bed,
for example by means of a sliding contact on the drive shaft of
rotor 20 which is connected in an electrically conductive
manner (not shown) with the insert 10, and thus the effect of
preventing charging is further reinforced.

In the embodiment described here, the entire occlusion bed
is configured to be electrically conductive. However, a sig-
nificant reduction in the interfering impulses can be achieved
purely by providing the occlusion bed with conductive and
grounded sections only in the area in which the tube 30 enters
and exits. Charges which are located on the outside of the
tube, or corresponding interfering impulses, can be dissipated
by the grounding.

The insert 10 can be manufactured cost-effectively, with a
precise curvature and with a smooth surface, from sheet metal
by adeep drawing process. This insert is placed in an injection
mold. In the injection mold the insert is molded in and forms
a positive and fixed connection with the injection molded
body of the peristaltic pump. The peristaltic pump can also be
integrated in the front panel of the corresponding medical
device, in order to be easily accessible to the user. In this case
the insert is injection molded into the corresponding front
panel.

Alternatively, the insert can also be composed of a metal
foil, which can be placed in the injection mold in annular form
and molded in.

Alternatively, the metallic surface of the occlusion bed can
also be subsequently applied to a plastic injection molded
part. The MID (Molded Interconnection Device) technology
can be used for this type of conductive coating. This technol-
ogy is primarily used for the creation of three-dimensional
conductive paths for electrical circuits, but it is also possible
to create continuously conductive surfaces in this manner. To
do this a suitably coatable plastic is used, which is coated
galvanically with an appropriate metal layer. If this coatable
plastic is used in a two component injection molding process
exclusively in the area of the occlusion bed, another material
can be used for the front of the device. A stainless steel foil or
stainless steel panel can also be clamped and/or glued into the
cylindrical receptacle.

The insert 10 (see FIG. 3) has an opening 18, which serves
according to FIG. 1 as both the entry and the exit for the tube,
so that the rolling length, i.e. the surface of the occlusion bed
over which the tube is pressed, is 270m. As an alternative, an
insert according to FIG. 4 can be used, which has two smaller
openings opposite each other. This insert can be used in a
peristaltic pump in which the tube is led into the cylindrical
area on one side, guided through one and a half revolutions
inside, and leaves the pump on the opposite side. The tube can
also be guided through more revolutions inside the pump.

FIG. 4 shows schematically a resistance R which is elec-
trically connected between the insert 10 and a potential equal-
ization or in particular a ground connection. This potential
equalization can also be connected with the rotor 20. The
resistance R has the effect of limiting the leakage current of
the interference signal. In this manner, when a sensitive
device is connected to the potential equalization or the ground
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connection, the transmission of interference signals via the
potential equalization to this device is prevented.

Further, the peristaltic pump 1 may be part of a medical
device, generally designated by reference numeral 50, as
shown in FIG. 1. Such a medical device may be a dialysis,
infusion and/or transfusion apparatus. The device 50 has a
front panel 52 facing the user with operating and functional
elements 54, which is formed as an injection molded part. In
this device, the peristaltic pump 1 with the occlusion bed 12 is
integrated as a single piece in the front panel 52 with operat-
ing and functional elements 54. This creates a uniform front
of the device and hence an attractive overall design.

So far in the example embodiment a peristaltic roller pump
has been described, which uses rollers as the rolling or press-
ing elements. The invention can be equally applied to peri-
staltic pumps with spherical rolling elements. Such a peristal-
tic pump resembles a radial ball bearing, in which the outer
race is the stator, which has a concave circumferential recess
in which the tube lies and is preferably occluded locally by
two successive outward pressing spheres. The driving of the
pump is transmitted directly onto the spheres, which are
guided within a cage in a manner similar to a radial ball
bearing.

The invention being thus described, it will be apparent that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be recognized
by one skilled in the art are intended to be included within the
scope of the following claims.

The invention claimed is:

1. A peristaltic roller pump for use in medical technology
comprising: a stator and a rotor, said stator being injection
molded from an electrically non-conductive plastic and hav-
ing an occlusion bed with a cylindrical surface facing inwards
which forms the contact area with a tube accommodated
within, and the rotor being provided with rollers for occluding
the tube accommodated between the cylindrical surface of the
occlusion bed and the rollers, at least a part of the inward
facing cylindrical surface of the occlusion bed having an
electrically conductive surface for at least one of reducing and
preventing electrostatic charging of the tube during pump
operation, said electrically conductive surface being the sur-
face of one of a molded-in metallic insert and a molded-in
metallic foil insert, said insert having a basic cylindrical shape
with a flange, said flange facing radially inwards and being
disposed around an entire circumference of said insert.
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2. The peristaltic roller pump according to claim 1, wherein
the electrically conductive surface has a potential equaliza-
tion.

3. The peristaltic roller pump according to claim 2, wherein
the potential equalization is in the form of a ground connec-
tion.

4. The peristaltic roller pump according to claim 2, wherein
an electrical resistance (R) is provided between the potential
equalization and the electrically conductive surface.

5. The peristaltic roller pump according to claim 1, wherein
the rollers have an electrically conductive surface and an
electrically conductive contact exists from said roller surfaces
to the electrically conductive surface of the occlusion bed.

6. The peristaltic roller pump according to claim 1, wherein
the entire occlusion bed has a continuously electrically con-
ductive surface.

7. The peristaltic roller pump according to claim 1, wherein
the contour of the occlusion bed has openings in one or two
places, to serve as entry or exit for the tube from the peristaltic
pump.

8. The peristaltic roller pump according to claim 1, wherein
the electrically conductive surface was produced by a local
conductive coating of an injection molded part.

9. A medical device for extracorporeal blood treatment
comprising a peristaltic roller pump having a stator and a
rotor, said stator being injection molded from an electrically
non-conductive plastic and having an occlusion bed with a
cylindrical surface facing inwards which forms the contact
area with a tube accommodated within, and the rotor being
provided with rollers for occluding the tube accommodated
between the occlusion bed and the rollers, at least a part of the
inward facing cylindrical surface of the occlusion bed having
an electrically conductive surface for at least one of reducing
and preventing electrostatic charging of the tube during pump
operation, the electrically conductive surface being the sur-
face of one of a molded-in metallic insert and a molded-in
metallic foil insert, said insert having a basic cylindrical shape
with a flange, said flange facing radially inwards and being
disposed around an entire circumference of said insert.

10. The medical device according to claim 9, wherein the
peristaltic roller pump with the occlusion bed is integrated as
a single piece in an injection molded front panel of the medi-
cal device that has operating and functional elements.

11. The medical device according to claim 9, wherein the
medical device is one of a dialysis apparatus, an infusion
apparatus and a transfusion apparatus.
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